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Executive Summary 

The Massachusetts Deparunent of Environmental Protection (MADEP) is concerned that 

leachate from the Calcium-Sulfate Landfill (CSL) may be migrating offsite and 

potentially impacting private wells along Border Avenue, and overburden wells as far 

west as GW-750. However, interpreting the provenance of solutes in area groundwater 

is complicated by the presence of the -40 acre Woburn Sanitary Landfill (WSL) 

immediately south of, and adjacent to, the 2.5 acre CSL. This report evaluates CSUWSL 

impacts and assesses local groundwater background chemistry. 

Groundwater flow in the area is influenced by local bedrock highs and by east-west 

trending paleochannels incised in bedrock away from the CSL. There is a quasi-radial 

mound underlying the WSL and flow toward the southwest (constrained by bedrock 

topography) under the CSL. The disposa.l histories of both landfills are different resulting 

in distinct leachate chemistry, with the CSL having a predominantly calcium- sulfate 

character, whi le the WSL leachate is characterized by elevated alkalinity. 

The groundwater associated with each facility has unique characteristics that plot in 

separate geochemical space on both Piper and quaternary diagrams. The CSL plume is 

limited to an area immediately adjacent to the CSL, only extending as far as GW-400. In 

contrast, the WSL has influenced groundwater chemistry at least as far downgradient as 

GW-750, and co-mingles with CSL groundwater in an area around the GW-400 well. 

Based on a comparison of groundwater chemistry between the residential bedrock wells 

and GW-81BR, and the trilinear diagrams, there is no evidence of impacts on bedrock 

wells from the CSL (Table 2). 

In the local residential wells the presence of manganese (0.059 mg/1) and sodium (47 

mgll) is entirely consistent with the regional background chemistry (USGS 1992). There 

are no apparent impacts from the CSL, nevertheless, Olin will continue to monitor the 

residential well chemistry as requested by MADEP, and continue to provide these data to 

the homeowners. 
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1.0 Introduction 

The Massachusetts Department of Enviro1lT!en!al Protection (MADEP) received and 

reviewed a report entitled .. Report of Groundwater Sampling and Analysis in the Vicinity 

of the Calcium Sulfate Landjitr• prepared b> Law Environmental Consultants, Inc. (LAW 

1998). MADEP provided comments on the conclusions of the report (Lener from C. 

Pyott to Olin Corporation, November 9, 1998). The gist of the comments was that 

leachate from the Calcium-Sulfate Landfill (CSL) was potentially migrating beyond the 

revised Disposal Site Boundary identified by LAW ( 1998) and potentially impacting the 

Baker, Lessard, Popa and Sullivan private wells along Border Avenue. Concerns were 

also raised relating to the potential for migration of solutes from the CSL to GW-750. 

In response to MADEP comments, Olin obtained additional data, and further evaluated 

the data submitted to MADEP. Accordingly. additional insights as to the fate and 

transport of solutes from the CSL can now be provided. The additional analysis 

demonstrates that the adjacent Woburn Sanitary Landfill (WSL) is the source of the 

solutes observed in GW-750, and that neither the CSL nor the WSL has impacted the 

private wells along Border Avenue. The site boundary surrounding the CSL has been 

confumed and supported by additional analyses. 

This subsequent evaluation builds upon the analysis presented by LAW (1998), hence the 

reader is referred to that document for information pertaining to sampling protocols, well 

completion information, and the underlying chemical data (provided here in Table I). 

Other data from LAW (1998) are replicated in this document only where their inclusion 

directly assists in understanding the fate and transport of solutes from the landfills. 

2.0 The History of the Calcium-Sulfate and Woburn Sanitary Landfills 

Both the WSL and the CSL lie within the confines of the Mystic watershed basin, and as 

such are physically distinct from the Ipswich basin. There is no DAPL or DAPL-related 

diffuse layer associated with either the CSL or the WSL (Geomega 1999). The location 

and relative size of the landfills are shown in Figure I. 
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2.1 The Calcium-Sulfate Landfill 

The CSL location and plans were approved by the Massachusetts Department of Public 

Health on January I 6, 1974, and by the Town of Wilmington Board of Health on October 

II, 1974. The CSL operated from 1975 until 1987 when the facility was capped, 

topsoiled, and seeded with final closure status requested in 1988. 

The landfill was operated as a mono-fill throughout its operational history. The 

chemistry of the fill material (Appendix A) is essentially pure gypsum (CaS04.2H20) in 

the form of a relatively fine-grained sediment. A cross-section through the CSL (Figure 

2) shows the historical topographic evolution of the landfill surface. The pre

emplacement topography was digitized from a 1971 as-built of the WSL and vicinity 

(Perkins 1971), and the post-emplacement surface grade, the screen depths of wells SL-2 

and SL-5, and the presumed pre-fill grade (dashed line on Figure 2) from Olin (1997). 

The surface area of the CSL is approximately 2.5 acres with an approximate volume of 

37,000 cubic yards. Although there may be minor variations in the permeability and 

porosity of the CSL fill, it is likely to exhibit a consistent range relative to the WSL. 

2.2 The Woburn Sanitary Landfill 

The WSL began operations in 1966 at the site of an old gravel pit receiving commercial, 

industrial, and household wastes until 1986. The overall surface area utilized for landfill 

operations was approximately 40 acres; almost sixteen times the size of the CSL. The 

Maguire Group, Inc. submitted an initial closure plan in July 1989, although to date, 

closure activities have not been completed. 

Leachate seeps have been identified leaving the WSL along the southwest face, resulting 

in ponding of water on the southwest side of the site near the railroad beds and MW-5 

(Figure 1). Woburn Truck Parts, located adjacent to these seeps, has retained legal 

counsel to redress flooding-related property damage related both to these seeps and to 

enhanced localized groundwater flow due to the WSL (Davis 1988). Furthermore, past 

monitoring of the MG-2 well cluster in the south of the WSL (Figure I) has demonstrated 

5 



fl 

[ l 
fl 

r 1 

f I 
[J 

l 

f 1 

l: 
II 
II 

significant bedrock contamination, and has indicated a potential downward component to 

the flow of local groundwater (MADEP 1990). 

3.0 Geochemical Processes in Landfills 

The geochemistry of the CSL and WSL represents a stark contrast in the level of 

complexity due to the presence of organic wastes in the WSL that are absent in the CSL. 

In addition, the CSL is a mono-fill (one material disposed) while the WSL is a hetero-fill 

with multiple waste types and sources, resulting in interdigitating layers of different 

materials, including potential daily clay/soil cover. 

Disposal of liquid and solid wastes in sanitary landfills creates an environment where the 

presence of organic constituents disposed in trash degrade, mediating shifts in inorganic 

chemistry. For example, the presence of carbon compounds, e.g., petrochemical, wood, 

plants, paper, etc. (generically characterized as CH20), consume available oxygen during 

bacterial respiration (Figure 2), generating carbon dioxide and water, i.e.; 

(Eq. I) 

Subsequently C~w complexes with water to form carbonic acid and additional 

bicarbonate alkalinity, i.e.; 

(Eq. 2) 

In addition, reducing conditions in the landfill facilitate reduction of nitrate (originating 

from organic-N in refuse) to nitrite, i.e.; 

(Eq. 3) 

where R represents an organic group, while nitrite is biologically reduced to ammonia, 

i.e.; 
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(Eq. 4) 

resulting in ammonia generation in the WSL. Hydrogen gas and organic acids are rapidly 

utilized in methanogenic reactions that generate methane, i.e., 

and: 

CH3COOH o Cr4<&1 + C02w 

CO. +4Hz o C~&J t- 2H20 

(Eq. 5) 

(Eq. 6) 

Under the reducing conditions adjacent to the landfill, sulfate can be reduced to sulfide, 

i.e.; 

(Eq. 7) 

with the reducing environment solubilizing iron and manganese (Table 2) present in 

naturally-occurring iron and manganese-bearing minerals (e.g., amphiboles and/or 

pyroxenes). The reaction mechanisms controlling inorganic geochemistry in a typical 

municipal landfill are complex (Baedecker and Back 1979, Senior 1990, Hackley et al. 

1996), with transport characteristics dependent on the redox characteristics of the solutes 

(Davis et al. 1994) and receiving waters (Figure 3). 

In contrast, the CSL represents a mono-fill in which organic constituents characteristic of 

municipal sanitary landfill leachates (Reinhard et a!. 1984) are conspicuously absent. 

Consequently, the reactions typical of a sanitary landfill that generate methane, ammonia, 

and that mobilize iron and manganese are insignificant due to the absence of organic 

material. Thus reactions governing solute transport from the CSL will be driven more by 

simple dissolution/sorption/precipitation reactions relating to gypsum (CaS04-2H20), 

rather than by organically controlled redox reactions (e.g., Eq. 4, 6 and 7) as is the case 

for the WSL (Figure 3). 

The substantive reaction controlling gypsum solubility in the CSL is: 

7 
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(Eq. 8) 

It is possible that despite neutralization in the holding ponds (that resulted in the 

precipitation of the gypsum sludge that was eventually deposited in the CSL), that there 

is some remnant ammonia. Based on a description of the bulk chemistry of the CSL, the 

primary components were water, gypsum and calcite with traces of chloride, sodium and 

ammonia-based compounds (Appendix A). 

Wells SL-5 and SL-6 constitute the archetypal CSL groundwater chemistry due to their 

location on the preferential groundwater flow path from the CSL, as controlled by 

bedrock outcrops. Additionally, due to surrounding bedrock outcrops (Figure 4) they 

have not been impacted by the WSL groundwater mound. MG-2A is sited within the 

confines of refuse disposal in the WSL (Figure I) and as such is representative of WSL 

groundwater conditions. In contrast to the WSL, sulfate in the CSL will not be reduced 

to sulfide (Eq. 7) because the reductive driving forces provided by organic carbon are 

absent. As a corollary, iron and manganese concentrations in the archetypal CSL well 

(SL-5) are much lower than in the characteristic WSL well (MG-2A) due to the less 

reducing environment present under the CSL. 

4.0 Evaluation of Bedrock Elevations in the CSUWSL Area 

The available top-of-rock data (Figure 4) indicate a buried channel running along the 

western borders of the CSL and the WSL landfills, and a large bedrock outcrop area in 

the vicinity of which are several residential wells (Figure 4). Deeper areas in the channel 

are defined by wells GW-400 and GW-750. There is also a potential bedrock fearure 

beneath the WSL that may orient groundwater flow from the WSL to the west along the 

buried channel towards GW-750. 

4.1 Implications of Bedrock Elevations in the CSUWSL Area 

The elevated surface of the Calcium Sulfate Landfill is due, in part, to a bedrock high 

beneath the landfill. The presence of a bedrock high and outcrops in the vicinity of the 

CSL also influence the groundwater flow pathways. For example, the CSL was emplaced 

to the south of a bedrock outcrop that acts as a groundwater divide (Figure 4), funneling 
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flow to the northeast and to the southwest. Another bedrock high southeast of the CSL 

precludes groundwater migration in that direction, as evidenced by the fact that well SL-4 

was dry when sampled in April 1998. An area of bedrock outcropping west of the CSL 

and north of the Sullivan well (Figure 4) is part of the groundwater divide that extends 

into the CSL, causing groundwater to flow to the south in the area between GW-40 and 

Border Avenue. The bedrock outcrops also result in locally high amounts of recharge to 

the groundwater flow system in the spring due to precipitation runoff. 

4.1.1 Runoff South of the CSL 

Bedrock outcrops are a dominant feature, particularly to the west and southeast of the 

CSL (Figure 4), contributing substantial clean water recharge to the area via precipitation 

runoff. Recharge, in turn, may be a significant factor controlling downgradient 

groundwater solute concentrations. For example SL-ID, SL-2, and SL-3 in the CSL area 

probably receive considerable runoff from exposed outcrops located to the west and 

northwest. Although GW-400 is located in close proximity to these wells, the observed 

solute concentrations in that well are considerably higher. However, GW-400 is screened 

much deeper (41-51 feet NGVD) than SL-I D, SL-2, and SL-3 (70-80, 69-79, and 70-80 

feet NGVD, respectively), suggesting that the recharge/mixing effect is limited to 

shallower depths (i.e., shallow groundwater has lower constituent concentrations due to 

recharge dilution, whereas concentrations are higher at depth due to limited dilution). 

4.1.2 Runoff North of the CSL 

The runoff effect is also apparent in the solute concentrations in wells SL-5, SL-6, and 

GW-20. SL-5 and SL-6 have the highest CSL-related solute concentrations, whereas 

GW-20 has very low concentrations. SL-5 and SL-6 are located in a channel between two 

bedrock exposures immediately northeast of the CSL, while GW-20 is located a short 

distance (200 feet) away in an apparent bedrock valley. As previously mentioned, there 

is preferential groundwater flow to the northeast (i.e., to SL-5 and SL-6) and to the 

southwest due to a topographic high in the southeast part of the CSL and to a bedrock 

outcrop to the southeast (Figure 4). Hence, the bedrock channel may serve to direct flow 

of high concentration groundwater from the CSL through SL-5 and SL-6, where it is 

subsequently diluted by recharge prior to reaching GW-20. 
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5.0 Groundwater Flow in the CSUWSL Area 

The elevated topographic and bedrock SJrfaces in the vicinity of the CSL cause 

groundwater to flow from the CSL toward the southwest; whereas groundwater flow is 

mdial away from the WSL. However, due to the expected lower permeability material 

and thin satumted thickness of the CSL, the volume of flow per unit area through the 

CSL is likely to be less than in the WSL. In the WSL the greater relief and the lower 

bedrock surface results in a much larger saturated thickness, that in combination with the 

more permeable material, results in a greater volume of groundwater flow through the 

WSL. Additionally, groundwater mounding beneath the WSL, which is indicated by data 

from monitoring wells along the southern ~dge of the landfill (Figure I). is consistent 

with similar mounding conditions reported at other municipal landfills with elevated 

surface topogmphy. 

Groundwater flow in the CSUWSL area is controlled predominantly by the bedrock 

surface and by elevated groundwater surface especially under the WSL. Groundwater 

beneath the landfills coalesces along a common boundary between SL-3 and GW-400, 

with the WSL mound approximately 15 times tbe area of the CSL. In the vicinity of wells 

AN-I and AN-2, westerly groundwater flow from the WSL converges with southerly 

flow from the groundwater divide extend.ng through the CSL, and the direction of 

groundwater flow changes to the southwest generally following the axis of the bedrock 

trough from GW-40 to GW-75 (Figure 4). The northern extent of the WSL mound co

mingles with the CSL flow in the vicinity of GW-400, while based on groundwater 

chemistry, the western extent of flow from the WSL extends to GW-750. Hence GW-

400 and GW-750 appear to be the recipients of some contribution from the WSL. 

Additionally, leachate seepage from the WSL has caused localized flooding conditions 

around MW-5 (Section 2). 

6.0 Review of Background Groundwater Chemistry 

Chemical concentrations in samples from the Baker, Lessard, Popa, and Sullivan 

residential wells in the vicinity of the CSL and WSL were included in the background 

10 
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data presented in the Supplemental Phase II Assessment (Olin 1997). These data are 

highly variable, routinely exceeding the sodium MCL (Figure 5) and manganese SMCL 

(Figure 6). In addition, historic high concentrations in some wells have not been 

confmned by subsequent analyses, demonstrating that the CSL could not be consistently 

influencing domestic well chemistry. 

All values are within the range of concentrations observed in other public supply wells in 

the Mystic Basin (USGS, 1992). For example, the average naturally occurring manganese 

concentration in the Mystic Water-Resources Planning Basin area is 0.18 mg/1 while this 

Basin has the highest naturally-occurring median sodium concentration (35 mg/1) in 

Massachusetts (USGS 1992, Appendix I). Hence, the naturally elevated occurrence of 

these constituents in these residential wells is consistent with the basin-wide drinking 

water condition, rather than indicative of CSL-related contamination. 

Finally, the time-dependent water chemistry in domestic wells closest to the GW-

40D/GW-75D trough (Appendix B) demonstrates decreasing sodium concentrations in 

the Lessard well from 33 to 9 mg/1 between 1996 and 1998. Similarly, manganese and 

sodium in the Popa well decreased between 1996 and 1998 (from 0.075 to 0.059, and 

from 31 to 15 mg/1, respectively). If there were a CSL-facilitated impact, it would be 

more reasonable to expect sodium and manganese concentrations to have either remained 

constant or to have increased over that period. Hence these minor temporal variations 

may be ascribed to natural random fluctuations in groundwater chemistry. 

7.0 Area Groundwater Chemistry 

The extent of the influence of the landfills on local groundwater was assessed using the 

data set collected in 1998, together with groundwater data from other background wells 

in the area collected during the Phase II investigation. Temporal solute variability is 

minimal in the background wells, allowing use of these data in this analysis. 

Based on the conceptual paradigm describing landfill geochemistry (Section 2), selected 

parameters were plotted to determine which compounds could discriminate between the 
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CSL and WSL water typeS. Effective forensic geochemical indicators should, I) be 

generally non-reactive in the subsurface, 2) have been analyzed across the entire area, 3) 

exceed local background concentrations, and 4) occur at high enough concentrations to 

allow unambiguous source discrimination . 

Based on the conceptual paradigm for solute generation and transport from the CSL and 

WSL (Section 2), calcium and sul fate provide the best discriminatory power from the 

CSL (Figure 7). SL-5, SL-6 and GW-400, all in the immediate vicinity of the CSL 

contained 418 mg/1, 418 mg/1, and 340 mg/1 of calcium compared to a local background 

of 32 mg/1 (Table 2). Sulfate in these wells was 1190 mg/1, I 070 mg/1 and I 060 mg/1, 

respectively, compared to a local background of24 mg/1 (Table 2). 

Bicarbonate alkalinity is a viable discriminatory parameter for WSL contributions (Figure 

8). In the deep wells (MW-3, MW-80 and MG-2A) around or within the confines of the 

WSL (pH 6.5-6.8), bicarbonate alkalinity averaged 340 mg/1 compared to - 50 mg/1 in 

CSL wells SL-5 and SL-6 (pH 6 and 5.7 respectively). The presence of 188 mg/1 

alkalinity in GW-400 at first appears anomalous until it is recognized that it is consistent 

with the level in MW-3, MW-80, and MG-2A. These data demonstrate that the WSL 

groundwater mound actually encroaches orto the Olin property, hence explaining why 

alkalinity is higher in this well than in SL-5 and SL-6 (Figure 8). 

Other parameters by themselves were I) either consistently below the method detection 

limit (e.g., chromium), 2) reactive in the subsurface (e.g., iron, manganese), 3) at similar 

concentrations in both the CSL and WSL areas (e.g., magnesium and sodium), 4) 

ambiguous (e.g., ammonia and potassium), or 5) consistent with local background (e.g., 

pH in the residential wells). 

8.0 Forensic Geochemistry 

There are several methods that can be used to discriminate between the CSL and WSL 

plumes, including I) ion ratios, 2) trilinear d agrarns, and 3) three-dimensional quaternary 

plots. These interpretations were combined with knowledge of the bedrock surface, 
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groundwater hydrology (mounds and flow directions), the conceptual landfill paradigms, 

and the bulk groundwater chemical analyses to interpret the data. The results are 

described in detail in the ensuing sections. 

8. / Jon Ratios 

The CSL mono-fill was comprised (Appendix A) almost exclusively of water and 

gypsum (calcium sulfate). In theory, a calcium sulfate groundwater signature requires a 

0.4: 1.0 calcium:sulfate ratio based on the stoichiometry of gypsum. Hence plotting this 

ratio downgradient from the two landfills provides insight as to the distal extent of the 

CSL plume (Figure 9). While sulfate is generally non-reactive in the subsurface, calcite 

solubility, and hence calcium concentrations may be controlled by the pH. However 

calcium concentrations outside the CSL are consistent. 

In the vicinity of the CSL, calcium:sulfate ratios approximate 0.4 (Figure 7) with calcium 

and sulfate concentrations dissipating at MW-5 (Figure 5). Indeed, based on a 

combination of ion ratios and bulk chemistry the wells clearly impacted by the CSL are 

restricted to SL5, SL6 and GW-400. 

Hence the CSL plume is constrained to an area in the immediate vicinity of the CSL. 

Further, the sulfate:calcium ratios in GW-750 are consistent with those in the WSL 

(Ca:S04>0.4) rather than in the CSL (Ca:S0r0.4) (Figure 9). Reactive transport of 

calcium does not explain the reduction in these ratios between GW-400 and GW-750 

because any precipitation or sorption of calcium along the llowpath should result in 

increasing, not decreasing sulfate:calcium ratios. Neither can this difference in ratios be 

explained by dissolution of formation calcite, i.e.: 

(Eq. 7) 

because the pH along a hypothetical trajectory between GW-400 to GW-750 decreased 

by only 0 .6 units from 7.4 to 6.8. Based on PHREEQC (USGS 1995) calculations this 

13 
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shift has no effect on the groundwater alkalinity or calcium concentrations (Appendix C) 

even if calcite is assumed 10 dissolve to equilibrium at pH 7.4. 

The ratios of sulfate (from the CSL) and llkalinity (from the WSL) represent another 

potentially useful ion pair. The sulfate:alkalinity ratio characteristic of the CSL 

groundwater is 5.6-24 (Figure 9), but only 0.1-0.3 in the WSL groundwater. In GW-750 

the sulfate alkalinity ratio is 0.2, indicating that this groundwater is chemically more 

similar to the WSL than the CSL. The average ratio for the residential wells (i.e. 

background) is 0.8. 

8.2 Trilinear Diagrams 

The relative proportions of cations and anions in wells in and around the CSL and WSL 

were ploned on a trilinear (Piper) diagram to determine if trends exist that allow 

discrimination between the different water types. This technique, in conjunction with 

knowledge of the bedrock contours, the groundwater flow directions, and absolute solute 

concentrations allows differentiation between three distinct populations; a CSL group, a 

WSL group, and the remaining background group, which includes the residential wells 

and the unimpacted monitoring wells (Figure I 0). 

On the trilinear diagram the major discriminant between the CSL- and WSL-related 

ground waters is the level of sulfate and alkalinity, respectively, both of which are non

reactive in the Mystic Basin groundwater environmenL Consequently, the CSL wells 

(SL-1 through SL-3, SL-5 and SL-6) plot as calcium sulfate waters (Figure I 0, area I) 

while the deep wells to the south of the WSL (MG-2A, MW-3 and MW-80) plot as a 

calcium chloride-bicarbonate type (Figure 10, area II). GW-750 plots close to the 

calcium chloride-bicarbonate waters, while GW-400 plots in the vicinity of the calcium 

sui fate population, indicating that these wells are chemically most similar to the WSL and 

CSL, respectively. Shallow WSL well MG-2C plots on the calcium bicarbonate area of 

the trilinear diagram due primarily to the elevated alkalinity (1280 mg/1) in this well. 

14 
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The residential and bedrock monitoring wells are chemically distinct from both the CSL 

(Area I) and the WSL (Area II), indicating that they represent local background in the 

bedrock intervals in which they are screened, and are not affected by either CSL- or 

WSL-related waters. Indeed, the completion depths alone of the domestic wells (i.e., 

--450 feet bgs for the Sullivan well, and -700 feet bgs for the Lessard well) argues against 

impacts from these sources because the bedrock water quality in the shallower bedrock 

wells GW-81BR that is adjacent to the CSL does not appear to have been impacted 

(Section 8.5). 

Wells SL-1 D and SL-2 represent special cases in that they plot in the CSL domain, yet 

ihe calcium and sulfate concentrations are more consistent with background levels 

(Figure 7). Exploding the Piper diagram to a quartenary incorporating the total dissolved 

solids concentration in the CSL wells on the vertical axis highlights this difference 

(Figure II). 

8.3 Quarternary Plot 

A 3- dimensional plot was prepared using alkalinity, calcium, and sulfate concentrations 

normalized to total dissolved solids (TDS). This construct was used to further test the 

hypothesis that the residential wells are not affected by CSL leachate, and to evaluate the 

relationship between CSL wells SL-1 D and SL-2 with the archetypal CSL wells SL-5 and 

SL-6. This plot demonstrates that end-member signatures of the CSL wells (SL-5 and 

SL-6; high calcium sulfate with high TDS) and WSL wells (MG-2-A; high alkalinity and 

high TDS) are unique and divergent (Figure II). SL-3 plots at an intermediate chemical 

condition (note the relative length of the join on Figure II) between the SL-5, SL-6 and 

GW-400 cluster and the SL-ID and SL-2 pair. The association between GW-400 with 

the CSL, and GW-750 with the WSL is also clear. 

The residential wells also cluster together (Area C) indicating a lack of impact from the 

CSL landfill (Area B). The CSL wells SL-ID, SL-2 and SL-3 fall near the background 

group (Area C) demonstrating a greater similarity with background, rather than landfill 
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conditions. Wells near the WSL (GW-750, MG-2A and others) fall as expected, in the 

WSL landfill group (Area A). 

8.4 Fractured Bedrock Pathway in GW-81 D 

The four residential wells completed in the bedrock provide a representative background 

population against which the GW-81 0 and GW-81BR well chemistry can be compared 

(Table 2). In the residential wells, alkalinity, ammonia (at the detection limit), and 

calcium are virtually identical to the GW-81 cluster. Chloride concentrations are slightly 

higher, while sulfate levels are slight.ly lower in the residential wells as compared to the 

GW-81 cluster. Neither GW-810 nor GW-81BR plot within the influence of the CSL 

(Figures 10 and II), hence bedrock well GW-81BR appears to be unimpacted by the 

CSL. 

8.5 Extent of Plume Migration 

The data presented in this report demonstrate that the CSL plume is local and essentially 

restricted to the Olin property. The CSL plume extent is constrained to the east by 

monitoring weB GW-20, to the southwest by SL-2, and to the west by GW-810. In 

contrast, the WSL plume extends as least as far as GW-750 to the west and to an 

undefined distance to the south (e.g., Figure 8). Figure 12 shows the resulting CSL site 

boundary based on these constraints. 

9.0Conc/usions 

I) The disposal histories of the CSL (mono-fill) and the WSL (hetero-fill) are entirely 

different, which results in profound differences in the respective leachate chemistries 

(Section 3). 

2) While the WSL and CSL have a common groundwater mound boundary from SL-3 to 

GW-400, the WSL has a substantially larger mound than the CSL (Figure !). The 

northern extent of the WSL plume encroaches onto the Olin Property in the vicinity of 

SL-3 and GW-400, while the western extent of the plume approaches GW-750 (Figure 

8). 
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3) Groundwater chemistry follows predictable patterns based on knowledge of disposal 

histories (Section 2), groundwater flow directions (Figure l) and landfill geochemistry 

(Figure 3). 

4) Based on a comparison of groundwater chemistry between the residential bedrock 
.. 

wells and GW-81BR, and the trilinear diagrams (Section 8.2), there is no evidence of 

impacts on GW-8JBR by the CSL (Table 2). 

5) The CSL plume is limited to an area immediately adjacent to the CSL, only extending 

as far as GW-40D (Figures 7 and 9). The CSL does not appear to have impacted GW-

75D because the GW-75D water chemistry is substantially different from the CSL. In 

contrast, the WSL has influenced groundwater chemistry at least as far downgradient as 

GW-75D and co-mingles with CSL groundwater at the GW-40D well (Figure 8). 

6) There are multiple lines of evidence that the CSL has not impacted either GW-75D or 

the residential wells (e.g., Figures 10 and II). The presence of manganese at 0.059 mg/1 

is consistent with regional background chemistry (USGS 1992), while sodium (47 mgll) 

is consistent with the regional background for this solute (Table 2). Nevertheless, Olin 

will continue to monitor the residential well chemistry through the end of the Phase II 

Comprehensive Site Assessment as requested by MADEP, and continue to provide these 

data to the homeowners. In addition, chemical trends will be subject to the same analysis 

as proposed for the Western Bedrock Valley Sentinel Well Program (Geomega 1998) to 

test for changes in groundwater quality. Those interpretations will also be provided on an 

annual basis to the homeowners . 

7). The Disposal Site Boundary has been redrawn to include GW-40D (Figure 12) which 

has clearly been impacted by the CSL. The Olin Disposal Site Boundary does not extend 

to GW-75D. 
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Table 2. Comparison between residential well (background) and GW-810 and GW-81BR 

groundwater chemistry (mg/L) for indicator compounds. 
Archetypal CSL (Sl-5) and WSL (MG-2A) well chemistries are shown for comparison. 

Baker Lessard Popa Sullivan background GW· 610 GW -81BR SL-5 MG-2A 
Alkalinity 8 94 106 34 61 50 72 68 1280 
Ammonia < 0.5 0 .88 < 0.5 0.66 •o.5 <05 < 0.5 50 158 
Calcium 11 55 39 22 32 32 31 418 120 
Chloride 76 46 21 60 51 29 46 23 110 
Iron 0.037 0.038 < 0.03 0 052 •o 021 < 0.03 <0.03 0 .037 23 
Sulfate 16 32 26 22 24 37 61 1190 14 
Manganese < 0.01 < 0.01 0.059 < 0.01 •o.o19 < 0,01 < 0.01 "0.49 2.1 

• Mean calculated using 112lhe method detection limit 
• Mangane1e io SL..S averatgtd 5 1 mg/L 
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TCOinl 11&11 
W11.aiqt01l, l!&uachuMtu OlU7 

We are -kiq approwl &- the TCOinl ot llil.aiqton for tbe diJpoMl, 
aa aa11it&ry laDiifill, ol calciuaa aul!ate !1ltar cake on land OWDed by 
Katio~l l'olyc:llaaicah, lz:c., aDd located at the llaMa Strut pl&Gt 
lite. tbe fUtar uke r .. ulu trooa tbl DWtnlisatiOil of the effliMGt 
vitll liM uri IUbeequant f1ltnti011 prior to tile diacharp of tba 
&qaaou8 affiuut illto tba Metropolitan Diatriet eo-1111011 ..,.r liu. 
lt 11 projactaci that the landfill operatiOD will CO!llbt of appTOxilll. taly 
28 ton. per clay of wet filtar cake, vbieh toGtailla about SO pareaut 
watar , aDd hu a bulk claaaity of 80 po<mda per c:ubic fQot. 

llatar 
CypiUIII 
C&CO 
C&ld1111 ozyb~be1znne aulfo~~&ta 

~l~~'J 
liiCl 
cactz 
!'orald.byda 
li&liO 

~mt.ci 

*Trace • 3&1011 0. n 

27,500 lba . 
26,800 

650 
Trace* 
Trace* 
Trace* 
Trace* 
Trace* 
Trace* 
Trac:.a* 
naee* 

54,950 lba . 

We IDI!t vith Mr. K.IGIIOith A. Tarbell, Diltrict Sanitary !~~gineer, Co<Don· 
wealth of l!&uachuaett.t, Depere-nt of Public 116alth, Northuatarn 
lagioa&l !!ulth Offic:.a , on October 16, 1970, 1n rdencce to the laadfill 
dilpoaal of CU. !iltar aka. Since that date, ve baft ada n iuapeetiou 
of the propoaed aiu acd fo.el that· - baft auffieiant auitable area for 

0£? 000382 
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Kr. l! o Y. Roaaao 
J&IW&ry 7 0 1971 
Pap 2 

dbpoaal . 

lie vould lika to anuse a -tina at your e.ul1ut collftuaaca for diac:u .. iml of thia propoul &!K for yoa:r iu~etiou of the diapou l lite. If I e&ll 111pply &fl'! further illlom&tiou, pluae eout&c:t •· 
Very truly you::•, 

dfa 

ee:"vx..-th .t.. tarbell 
Cb&rlaa 11 o Moona 
en 
.uc 
Wl 
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Boeder BAKER 

SUMMARY OF PRIVATE WELL MONITORING DATA FOR BORDER AVENUE RESIDENCES 

AND COMPARISON TO MASSACHUSETTS DRINKING WATER STANDARDS/GUIDELINES 

BAKER RESIDENCE 

6 BORDER AVENUE 

Detected Concentrations 

Parameter Oct-90 Aug-96 Apr-98 Drinking Water Type ol 

Standard/Guldelin• Standard/Guideline 

Organics (ug/L) 
01(2-ethylhexyl)phthalate NS 1.3 NA 6 MMCL 

lnorganlcs (mg/L) 
AnUmonv·. ·. . ::;;; <-.;c '' NS ~O.ootiU NA ::.;:--:'··. O,O(Je :;t:...:;·:,•. I:'~!:U.~>. I\o1MClt:·:'L':_-.; ~ 

Ba~um NS 0 11 NA 2 MMCL 

Calcium NS 23 7 111 - • 

Iron NS 0 042 0 037 0 3 SMCL 

Lead NS 0 0092 NA O.Q15 MMCL 

Mogneolum NS 2 75 1 21 - -

Potassium NS 1 83 1 6 · · 

Slldillm ..... :-:::::.;· :,,:; ___ - NS ~-: '129,~:. -- !!6.7 :- ... 20·-----~~- -- :.;::ORSG ---

Chloride NS 213 75 5 · 250 SMCL 

Noltate-N NS 4 11 NA 10 MMCL 

Sulfate NS 25 16 4 250 SMCL 

Other 
Alkalinity as caco, (mg/L) NS 12 a - -

Total DissOlved So~ds (mgll) NS 404 253 500 SMCL 

ll~l . . NS - - -5;49 - ~.88 - 6,~ '8,!i ' SMQ~"' 

NOOU 

NS • Not aampttd 

NA. · Not lntlyltd 

H D • Hoi de1tC:IIId 

•,• k'ldleatH thet no slAndlrQtguidtllne lee available 

MMCL· MlllldUIUUt Drinking Wl!.lr Standard.a, May 1M8 

SMCL - Sooondll\' "'"""""" CCWIIamO\aniL.-. Mly 1m 

OASG · Mai.MChuMtta Dftntung Wl1tf G~. May 1 ttl 

Shading lndlcatu J.n tJCcttdt.nee o' Ute s~ndlrdlg.uidelint for !hat p&lamtter or th11 

lhe meautd pH is outside the SMCL ranoe 

12118196 2 53 PM 



BOlder POPA 

- ' . 

SUMMARY OF PRIVATE WELL MONITORING DATA FOR BORDER AVENUE RESIDENCES 

AND COMPARISON TO MASSACHUSETTS DRINKING WATER STANDARDS/GUIDELINES 

POPA RESIDENCE 

1 BORDER AVENUE 

Dotectod Concontratlons 

Par~motor Oti·&O 

Oroanlca uQ/L 

Dlc/llo<oddloo<omethane NA 

Methvtane ChiO<ide 033 

DlelhYiphthaloto 73 

I•4TBE NA 

Inorganic• (mall 
Bonum 0031 

Calcium NA 

Iron 0.0&1 

Ltad NA 

Moon•slum NA 

Manganese·---.,. .. · i.. ·_ ;J;:!~: ··-• ·~-1 NA 

Pol as alum NA 

Sodiuin !-~- • ; r::;.,_,...-;- h '• . .• 78 ·~. 

Chloride 140 

Niltale N 2 

Sulfate 19 

Other 
Alkalon~y as Coco, (mgll) NA 

Total Dluotvod Sotlda (moll NA 

pH NA 

-· NS • Not.....,.,._ 
NA·HoceNtylH 

NO • Not II• .. QIMI 

·.·..._...s!Ni
nos~~~·~ 

Aug·&6 

I 
NS 
NS 
30 

NS 
53.8 
0 I 

00056 
7 08 

"'"0.076 ' 
I 87 

''"'31.3 •.. 
78 7 
051 
30 

a. 
316 
73 

MMCL· ,_...~ ... Dtlr'lldftg Wii"-1 SolllnOaf'CII, tuy 1tta 

SMCL s.oono.y ~ Con&lnw\lnl LIMII:J. May 1898 

ORSG M•N~MII Drir*lnl Mew QwiDehneJ. MiV tl98 

Apr-98 

NA 
NS 
NS 
NA 

NS 

3&8 
NO 
NA 
5 28 

~:o.o,;, 

I 3 
151 
21.3' 
NA 

283 

108 
148 
769 

SMclinCI ~141 .n S~C. CIC 1M JIMidWdlgul<killlllt IOf ltwN pwtnw .. Of Ul .. 

hi ,.......ed pHis OUWOt r..SMCL ,_,.,_ 

Drinking Water 
Standard/Guideline 

1400 
. 
. 
70 

2 
. 

OJ 
0015 

. 
·~~ ,-·~..':' 0.06"!'<'; 

...... :-_ :zo·.::-· .. 
250 
10 

250 

. 
500 

L 6~8~ --

Typo o f 
Stand•rdiGuidellne 

ORSG . 
. 

ORSG 

MMCL 
. 

SMCL 
MMCl 

. 
:oo,...SM c~., 

. 
• • :. · • ORSG • 

SMCl 
MMCL 
SMCL 

. 
SMCL 
SMCL 

·---

- . 

-

12118/98 2 53 PM 
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r Of fR!VA r£ WELL A/ONITORING DATA FOR BORO 

!~II , •"n' '0 J(,455Ac/I(/SfrTS ORINKI/111 WATER s~~:;:;g• ... .,..c
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1ft 

Or anlca u 

ChlofOfO<m 
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Mel~ lo
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:Opp!! 
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zinC 
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ChlofidO 

Nittltt-N
 

Sulfate 

)lher 

;!'·_ 

\ll<aHrily n coeo, (mgll.l 

rot., 1 

I pH -
HS Mv

l~ 

HA ~III'Wi
t1141d 

Oct-tO 

'NA 
IT 

NA 

Oii36 
--:::::-

o"o;a 
"NO 

NA 

-w; 

HO-Not..._.M 

•.·~i
f*noN

M•ut
l~ .. ~

---

Aug·H 

NO" 

' -;;;: 

.• o 

Apr 91 

"" Ni 
Ni 
~ 
H.: 

00117 I 01 

589 
• 

141 

'

"f ·320 •. 
.jo, -c:<;·;::.n 1 

NO 
NO" 

or 
ii7 

--;oo 

7'ii 

3t 

94 
-ru 
""7Tu" 

MMC.l· MaM
.~ OI'W..IJIIQ w.a.t l~dl

. M•tl ...
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.......
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MMCl 

MMCL 
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-
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Border SULLIVAN 

~ 

SUMMARY OF PRIVATE WELL MONITORING DATA FOR BORDER AVENUE RESIDENCES 
AND COMPARISON TO MASSACHUSETTS DRINKING WATER STANDARDS/GUIDELINES 

SULLIVAN RESIDENCE 

3 BORDER AVENUE 

Ootec::ted Concentrations 

Parameter Oct-90 Aug-96 

Organics {ug/l 
Methylene Chloride O.J2 NA 
MTBE NA 60 
Oij2 .. 1hvlhexvt)ohthalate NO 1 
lnorganlca (mg/L) 
Banum 0001 NO 
Colclum NA 52 5 
Cooe>er NO 0036 
It on 022 0041 
MaQneaium NA 56 
Potassium NA 262 
~>P!lium· ···-.:.....- ' ~- 21V' . . 1- -, 
ZJnc 
Ammonia·N 
Chloride 
Nrtrate-N 
Sulfate 
Other 
Alkalinity as CaCO, (mgfl) 

Total Dissolved Solids (m<J/1.) 
pH 

...... 
ttS·tfal~ 

NA • NCit lr\ltrUd 
ND·Not~ 

.. ~ -~· -!'l 

005 
NO 
54 
5.1 
27 

NA 

NA 
NA 

................... 1'10~-~ 
W..CL· MM~ Omllilg w•• sw.a..ru. w.y '"' 
SUet.· Secondary~~ LevW. M.Wt 1ttl 
ORSG · t.Uu.ach.isetlS OfWilnO WMef ~- ftU11tla 

003 
NO 
107 
3 25 
21 

74 

328 
5.89 

Apr-98 

NA 
NA 
NA 

NA 
22.4 
NA 

0052 
1 97 
26 

36.6· . 
NA 

0.66 
596 
NA 
22.2 

34 

80 . 6,3 ' 

Shading lnc:liieUs an UCMdanoe of N tiMGir~ lor INti pwamrMW or 1hal 
lhll m.•~CI pH 1$ OUlalch IN SMCl renge 

' 

Drinking Wotor Type of 
Slandard/Guldollne StandardJGuidelino 

. . 
70 ORSG 
6 MMCL 

2 MMCL 
. -

I 311 MMCUSMCL 
03 SMCL . . 
. . ... . 20 !""" •. • . ~ 1"- .;:;ORSG .• :~.-
5 SMCL . . 

250 SMCL 
10 MMCL 

250 SMCL 

. . 
500 SMCL 

.- 66'8,6 · SMOl· -

, 

12/18198 2:53PM 
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Appendix C 
PHREEQC Model Resulr. for GW-400 at pH 7.42 and 6.82 

Model Input 

pH 
density 
temp 
units 
Alkalinity 
Ca 
Cl 
Cr(3) 
Fe(2) 
Mg 
Mn(2) 
N 
Na 
S(6) 

Solution Composition 

Elements 
Alkalimty 
Ca 
Cl 
Fe(2) 
Mg 
Mn(2) 
N 
Na 
S(6) 

Description of Solution 

pH • 6.820 
pe = 4.000 

6.82 
1.00 
25 
ppm 
liS as HC03 
336 
117 charge 
0 
0.397 
18.7 
4.32 
84.8 
157 
1061 

8.400e-03 
8.138e-03 
7.123e-06 
7.707e-04 
7.879e·05 
6.066e-03 
6.843e-03 
I 107e-02 

Activity of water • 0.999 
Ionic strength • 4.046e-02 

8.400e-C3 
8.13 Se-0 Charge balance 
7.123e-C6 
7.707e-04 
7.879e-05 
6.066e-C3 
6.843e-C3 
1.107e-C2 

Mass of water (kg) • I.OOOe+OO 
Total carbon (mol/kg) = 2376e-03 
Total C02 (mol/kg) 2.376e-03 
Temperature (deg C) ~ 25.000 
Electrical balance (eq) • -3.194e-12 
Iterations ~ II 
Total H ~ t.ll0396e+02 
Total 0 • 5.55S761e+OI 

Final mg!L 
109 as HC03 
336 

776 as S04 



Discribucion or Species 

Species Molali!1 ActiVit) Molali!1 ActiVI!1 Gamma 
H+ 1.75~7 J.S l4e-07 -6.756 -6.820 -0.064 
OH- 8.038e-08 66He-08 -7.095 -7.178 -0.083 
H20 5.551~1 9.993e-OI 0.000 0.000 0.000 

C(4) 2.376e-03 I 09 mg/1.. as HC03 

[] 
HC03· L795e-03 1.508e-03 -2.746 -2.822 ·0.076 
H2C03 5.079e-04 5.126e-04 -3.294 -3.290 0.004 
CaHC03+ 5.703e-05 4.814e-05 -4.244 -4.317 -0.074 
MgHC03+ 6.350e-06 5.266e-06 -5.197 -5.278 -0.081 I. NaHC03 4.713e-06 4.757e-06 -5.327 -5.323 0.004 
CaC03 2.023e-06 2.042e-06 -5.694 -5.690 0.004 
MnHC03+ 9.n8e-07 8.145e-07 -6.010 -6.089 -0.079 
C03-2 9.367e-07 4.665e-07 -6.028 -6.331 -0.303 
MgC03 1.310e-07 1.322e-07 -6.883 -6.879 0004 
NaC03- 5.768e-08 4.845e-08 -7.239 -7.315 -0.076 

Ca 8.399e-03 336 mg/1.. 
( ' Ca•2 5.973e-03 3.081e-03 -2.224 -2.511 -0.288 

CaS04 2.367e-03 2.389e-03 -2.626 -2.622 0.00-1 
CaHCOJ• 5.703e-05 Hlole--05 -4.244 -4.317 -0.074 
CaC03 2.023e-06 2 042e-06 -5.694 -5.690 0.004 
CaOH+ 6.080e-09 5133e-09 -8.216 -8.290 -0.074 

Cl 7.399e-03 
Cl- 7.398e-03 6.081e-03 -2.131 -2.216 -0.085 
MnCI+ 8.518e-07 7.130e-07 -6.070 -6. 147 -0.077 
MnCI2 1.167e-09 1.178e-09 -8.933 -8.929 0.004 
MnCI3· 3.858e-12 3.229e-12 -11.414 ·11.491 -0.077 

Fe(2) 7.122e-06 
Fe+2 5.308e·06 2.696e-06 -5.275 ·5.569 ·0.294 
FeS04 1.808e-06 1.825e-116 -5.743 ·5.739 0.004 
FeOH+ 6.723e-09 5.628e-09 -8.172 ·8.250 -0.077 
Fe(OH)2 3.134e-13 3 163e-13 -12.~ ·12.500 0.004 
Fe(OH)3· 9.268e-17 7.759e-17 -16.033 ·16.110 -0.077 

H(O) 3.214e-25 
H2 1.607e-25 1.622e-:5 -24.794 ·24.790 0.004 

Mg 7.706e-04 
Mg+2 5.650e-04 2.970e-<4 -3.248 -3.527 ·0.279 
MgS04 1.992e-04 2.010e.(4 -3.701 -3.697 0.004 

d MgHC03+ 6.350e-06 5.266e-<6 ·5.197 -5.278 -0.081 
MgC03 1.3 10e-07 1.322e-07 ·6.883 -6.879 0.004 
MgOH+ 3.800e·09 3.220e.(<) -8.420 -8.492 ·0.072 

.I 
Mn(2) 7.878e-05 

Mn+2 5.706e·05 2.898c-C5 ·4.244 -4.538 ·0.294 
MnS04 1.989e-05 2.007e-C5 -4.701 -4.697 0.004 
MnHC03+ 9.778e-07 8.145e-07 -6.010 -6.089 -0.079 

I MnCI+ 8.518e-07 7. 130e-G7 -6.070 -6. 147 ·0.077 
I l MnOH+ 5.875e·09 4.918e-C9 -8.231 ·8.308 ·0.077 

MnCI2 1.167e-09 1.178e-C9 -8.933 ·8.929 0.00-1 
MnCl3· 3.858e-12 3.229e-12 -11.414 -11.491 ·0.077 
Mn(OH)3· I.S79e-19 1.322e-19 ·18.802 ·18879 ·0.077 
Mn(N03)2 O.OOOe+OO O.OOOe+OO -46.351 -46.347 0.00-1 

N(-3) 6.~3 

NH4 .. 5.772e-OJ 4.712e-C3 ·2.239 ·2.327 ·0.088 
NH4S~- 2.760e-04 2.311e-04 ·3.559 ·3 636 -0.077 
NH3 1.758e-05 1.774e-05 -4.755 -4 .751 0.004 

l • 



. I N(3) 6.381 e-1 5 
N02- 6.381e- 15 5.316e·l5 -14.195 -14.274 -0.079 

N(5) 7.604e-22 
N03- 7.604e-22 6.242e-22 -21.119 -21.205 -0.086 

; I Mn(N03)2 O.OOOe+OO O.OOOe-00 -46.351 -46.347 0.004 
Na 6.842e-03 

Na+ 6.710e-03 5.604e~3 -2.173 -2.25 1 ~.078 

r 1 
NaS04- 1.273e-04 1.069e~ -3.895 -3.97 1 -0.076 
NaHC03 4.713e-06 4.757e~ -5.327 -5.323 0.004 
NaC03- 5.768e-08 4.845~8 -7.239 -7.315 -0.076 

0(0) O.OOOe+OO 

f I 02 O.OOOe+OO O.OOOe+OO -42.805 -42.801 0.004 
S(6) 1.107e-02 776 mg/L as S04 

S04-2 8.075e-03 3.807e-03 -2.093 -2.419 -0.327 

f l 
CaS04 2.367e-03 2..389e-03 -2.626 -2.622 0.004 
NH4S04- 2.760e-04 2.311e-04 -3.559 -3.636 -0.077 
MgS04 1.992e-04 2.010e-04 -3.701 -3.697 0.004 
NaS04- 1.273e-04 1.069e-04 -3.895 -3.971 ..().076 . I MnS04 1.989e-05 2.007e-05 -4.701 -4.697 0.004 
FeS04 1.808e-06 1.825e-D6 -5.743 -5.739 0.004 
H$04- 6.709e-08 5.591e-08 -7.173 -7.253 -0.079 

~I Saturation indices 
Phase Sl Log lAP LogKT 
Anhydrite -0.29 -4.93 -4.64 Ca$04 . I Aragonite -0.5 1 -8.84 -8.34 CaC03 
Artinite -9.35 0.25 9.60 MgC03:Mg(OH)2:3H20 
Brucite -6.68 10.11 16.79 Mg(OH)2 

~I 
Calcite -0.37 -8.84 -8.47 CaC03 
CH4(g) -66.43 -106.53 -40.10 CH4 
C02(g) -1-.81 -1 9.97 -18.16 C02 
Dolomite -1.70 -18.70 -17.00 CaMg(C03)2 

J Epsomite -3.81 -5.95 -2.14 MgS04:7H20 
Gypsum -0.08 -4.93 -4.85 CaS04:2H20 
Halite -6.05 -4.47 1.58 NaCI 

.I 
Hausmannite -12.59 48.95 61.54 Mn304 
Huntite -8.45 -38.42 -29.97 CaMg3(C03)4 
Hydromagnesite -20.56 -29.32 -8.77 Mg5(C03)4(0H)2:4H20 
Lime -2 1.67 11.13 32.80 CaO 

J Magnesite -1.83 -9.86 -8.03 MgC03 
Melanterite -5.52 -7.99 -2.47 FeS04:7H20 
Mirabilite -5.8 1 -6.93 - 1.11 Na2S04: 10H20 
MnCI2:4H20 -11.68 -8.97 2.7 1 MnC12:4H20 
MnS04 -9.63 -6.96 2.67 MnS04 
Narron -9.53 -10.84 -1.31 Na2C03:10H20 
Nesquehonite -4.24 -9.86 -5.62 MgC03:3H20 
02(g) -39.84 43.28 83.12 02 
Periclase - I 1.40 10.11 21.51 MgO 
Portlandite - 11.55 I 1.13 22.68 Ca(OH)2 
Pyrocroite -5.99 9.10 15.09 Mn(OH)2 
Rhodochrosite -0.46 -10.87 -10.4 1 MnCOJ 
Siderite -1.35 -11.90 -10.55 FeC03 
Thenardite -6.74 -6.92 -0. 18 Na2S04 
Thermonatrite -10.96 -10.83 0. 12 Na2C03:H20 
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Model input 

pH 
density 
temp 
units 
Alkalinity 
Ca 
Cl 
Cr(3) 
Fe{2) 
Mg 
Mn(2) 
N 
Na 
S(6) 

Solution Composition 

ElementS 
Alkalinity 
Ca 
Cl 
Fe(2) 
Mg 
Mn(2) 
N 
Na 
S(6) 

Description of Solution 

pH • 7.420 
pe • 4.000 

7.42 
1.00 
25 
ppm 
I 15 as HC03 
336 
I I 7 charge 
0 
0.397 
18.7 
4.32 
84.8 
157 
1061 

Molality 
1.888e-03 
8.400e-03 
8.138e-03 
7.122e-06 
7.707e-04 
7.879e-05 
6.066e-03 
6.843e-03 
1.107e-02 

Activity of water • 0.999 
Ionic strength • 4.037e-02 

Moles 
I .888e-03 
8.400e-03 
8. 138e-03 Charge balance 
7. 122e-06 
7.707e-04 
7.879e-05 
6.066e-03 
6.843e-03 
1.107e-02 

Mass of water (kg) • J.OOOe+OO 
Total carbon (mol/kg) • 1.929e·03 
Total C02 (mol/kg) = 1.929e-03 
Temperature (deg C) = 25.000 
Electrical balance (eq) = -4.856e-12 
Iterations • I 0 
Total H • 1.110387e+02 
Total 0 = 5.555627e+OI 

Final mg{L 
105 as HC03 
336 

776 as S04 



r] 

Distribution or Sp«ies 
!::2g !::2g !::2g 

Species Molali!): Activ•!l Molali!): Act lVI!}: Gamma 
OH- 3.199e-07 2.64le-07 -M95 -6.518 -0.083 
H+ 4.409e-08 3.802e-08 -7.356 -7.420 -0.064 
H20 5.551e+OI 9.993e-0 I 0.000 0.000 0.000 

C(4) 1.929e-03 lOS mg/L HC03 
HC03- 1.728e-03 1.452e-03 -2.762 -2.838 -0.076 
H2C03 1.228e-04 1.239e•).l -3.911 -3 .907 0.004 
CaHC03+ S.486e-05 4.632e-05 4.261 -4.33-1 -0.074 
CaC03 7.748e-06 7.820.:•)6 -5.111 -5.107 O.QO..I 
MgHC03+ 6.110.:-06 5.068e•:>6 -5.214 -5.295 -0.081 
NaHC03 4.537e-06 4579e-06 -5.343 -5.339 0.004 
COJ-2 3.588e-06 1.787e-06 -5.445 -5.748 -0.303 

r l MnHCOJ+ 9.413e-07 7.843e-07 -6.026 -6.106 -0.079 

[, MgCOJ 5.018e-07 5.064e-07 -6.300 -6.295 0.004 
NaC03· 2.210e-07 1.857e-07 -6.656 -6.731 -0.076 

Ca 8.399e-03 336m giL 

'l Ca+2 5.969e-03 3.080e-03 -2.224 -2.5 II -0.287 
CaS04 2.368e-03 2.390e-03 -2.626 -2622 0.004 
CaHC03+ 5.486e-05 4 632e-05 4.261 -4.334 -0.074 
CaCOJ 7.748e-06 7 820.:-06 -5.111 -5.107 0.004 
CaOH+ 2.420e-08 2.043e-08 -7.616 -1.690 -0.074 

Cl 7.399e-03 
Cl- 7.398e-03 6.082e-03 -2.131 -2.216 -0.085 
MnCI+ 8521e-07 7.134e-07 -6.070 -6.147 -0.077 
MnCI2 1.168e-09 1.179e·09 -8.933 -8.929 0.004 
MnC13- 3.860e-12 3.232e-12 · 11.41 3 -11.491 -0.077 

I , Fe(2) 7.122e-06 
Fe+2 5.291e-06 2.688e-06 -5.276 -5.510 -0.294 

I Fe SOl 1.804e-06 1.821e-06 -5.744 -5 740 0.004 
FeOH+ 2.669e-08 2.23Se-08 -7.574 -7.651 -0.077 
Fe(OH)2 4 953e-12 4.999e- '2 -11.305 -11.301 0.004 
Fe(OH)3- 5.832e-15 4.882e-15 -14.234 -14.311 -0.077 

H(O) 2.028e-26 
H2 1.014e-26 I.023e-~6 -25.994 -25.990 0.004 

Mg 7.706e-04 
Mg+2 5.647e-04 2.969e-04 -3.248 -3.527 -0.279 
MgS04 1.993e-04 2.011e-04 -3.701 -3.697 0.004 
MgHC03+ 6.110e-06 5.068e-06 -5.214 -5.295 -0.081 
MgC03 5.018e-07 5.064e-07 -6.300 -6.295 0.004 
MgOH+ 1.512e-08 1.282e-08 -7.820 -7.892 -0.072 

Mn(2) 1.818e-OS 
Mn+2 S.706e-05 2 899e-05 4 .244 -4 538 -0.294 
MnS04 I 991e-05 2.009e-05 -U01 -4697 0.004 
MnHC03· 9.413e-07 7.843e-07 -6.026 -6106 -0.079 
MnCI+ 8521e-07 7.134e-07 -6.070 -6.147 -0.077 

' I MnOH+ 2.340e·08 1.959e.08 -7.631 -7.708 -0.077 
MnCl2 1.168e-09 1.179e-09 -8.933 -8.929 0.004 

, I MnCl3- 3.860e-12 3.232e-l2 -11.413 -11.491 -0.077 
Mn(OH)3- 9.966e-18 8.344e-18 -17.001 -17.079 -0.077 

l ' Mn(N03)2 4.380e-35 4.421e-J5 -3-1.359 -34.355 0.004 
N(-3) 6.066e-03 

NH4+ S.723e-03 4.672e-C3 -2.242 -2.331 -0.088 
NH4S04- 2.738e-04 2.293e-(..l -3.563 -3.640 -0.077 
NHJ 6.938e-05 7.003e.05 -1.159 -4.155 0.004 



I 
I N(3) 3.992e- 10 

N02· 3.992e-10 3.326e-10 ·9.399 ·9.478 ·0.079 
N(5) 7.539e·l6 

N03· 7.539e-16 6 189e-16 ·15.123 · 15.208 -0.086 
Mn(N03)2 4.380e-35 4.421e-35 ·34.359 -34.355 0.004 

Na 6.842e-03 
Na+ 6.710e-03 5.605e-03 -2.173 ·2.251 -0,078 
NaSQ4... 1.274e-04 1.070e-04 ·3.895 -3.971 ·0.076 
NaHC03 4.537e-06 4.579e·06 ·5.343 -5Jj9 0.004 
NaC03· 2.210e-07 1.857e-07 ~.656 ·6.731 ·0.076 

I 
0{0) O.OOOe+OO 

02 O.OOOe+OO O.OOOe-+00 -40.405 -40.401 0.004 
S(6) 1. 107e-02 776 mg/LS04 

S04-2 8.076e-03 3.809e-03 -2.093 ·2.419 -0.326 
CaS04 2.368e-03 2.390e-03 -2.626 ·2.622 0.004 
NH4S04- 2.738e-04 2.293e-04 · 3.563 ·3.640 ·0.077 
MgS04 1.993e-04 2.011e..()4 ·3.701 -3 .697 0.004 
NaS04· 1.274e-04 1.070e..()4 ·3.895 -3.971 ·0.076 
MnS04 1.99 1e-05 2.009e-05 -4.70 I -4.697 0.004 
FeS04 1.804e-06 1.821e-06 -5.744 ·5.740 0.004 
HS04· 1.686e·08 1.405e-08 -7.773 ·1.852 -0.079 

Satura tion indices 

Phase S l Lo~ lAP Log KT 
Anhydrite -0.29 ·4.93 -4.64 CaS04 
Aragonite 0.08 ·8.26 ·8.34 CaC03 
Artinite · 1.56 2.04 9.60 MgC03:Mg(OH)2:3H20 
Brucite · 5.48 11.31 16.79 Mg(OH)2 
Calcite 0.22 -8.26 ·8.47 CaC03 
CH4(g) -7 1.85 - 111.95 -40.10 CH4 
C02(g) -2.43 ·20.59 · 18.16 C02 
Dolomite -0.53 - 17.53 ·I 7.00 CaMg(C03)2 
Epsomite ·3.8 1 · 5.95 ·2.1 4 MgS04:7H20 
Gypsum ·0.08 -4.93 -4.85 CaS04:2H20 
Halite ·6.05 -4.47 1.58 NaCI 
Hausmannite ·7.79 53.75 6 1.54 Mn304 
Huntite ·6.12 -36.08 ·29.97 CaMg3(C03)4 
Hydromagnesite -17.02 -25.79 -8.77 Mg5(C03)4(0H)2:4H20 
Lime -20.47 12.33 32.80 CaO 
Magnesite · 1.25 ·9.28 ·8.03 MgC03 
Melanterite ·5.52 -7.99 ·2.47 FeS04:7H20 
Mirabilite ·5.8 1 ·6.92 ·1. 11 Na2S04: 10H20 
MnCt2:4H20 ·11.68 -8.97 2.71 MnCI2:4H20 
MnS04 ·9.63 -6.96 2.67 MnS04 
Natron -8.94 ·10.25 -1.3 1 Na2C03:10H20 
Nesquehonite ·3.66 ·9.28 ·5 .62 MgC03:3H20 
02(g) ·37.44 45.68 83.12 02 
Periclase ·10.20 11.3 1 21.51 MgO 
Portlandite · 10.35 12.33 22.68 Ca(OH)2 
Pyrocroite -4.79 10.30 15.09 Mn(OH)2 
Rhodochrosite 0.12 -10.29 - 10.4 1 MnC03 
Siderite -0.77 ·11.32 -10.55 FeC03 
Thenardite ·6.74 -6.92 ·0. I 8 Na2$04 
Thermonatrite ·10.38 · 10.25 0.12 Na2C03:H20 



Oi~lribulion or sp<'<'ies 
!:!!& LO!( Log 

SP""ies Mo1a1i!):: ACIIYIIV Mola1itv ActiVIIV Gamma 
OH- 2.116c-07 1.747e.fJ7 -6.675 -6.758 :o.iii3 
H+ 6.665e-08 5.748e.fJ8 -7.176 -7.240 -0064 
H20 5.551e+01 9.993e.fJ1 0.000 0.000 0.000 

C(4) 1.845e-03 98 mg/L as HC03 
HC03- 1.604e-03 1.348e-03 -2.795 -2.870 -0.076 
H2C03 1.723e-04 1.739e-04 -3.764 -3.760 0.004 
CaHC03+ 5.048e-05 4.263e-05 -4.297 -4.370 -0.073 
MgHC03+ 5.675e-06 4.708e-06 -5.246 -5.327 -0.081 
CaC03 4.717e-06 4.760e-06 -5.326 -5.322 0.004 
NaHC03 4.213e-06 4252e-06 -5.375 -5.371 0.004 

' ' C03-2 2.201e-06 I 097e-06 -5.651 -5.960 -0.302 
MnHC03+ 8.744.-07 7.287e-07 -6.058 -6.137 -0.079 
MgC03 3.083e-07 3.112e-l7 -6.511 -6.507 0.004 
NaCOJ- 1.357e-07 1.140e-l7 -6.867 -6.943 -0.076 

Ca 8.322e-03 333 mg(L 
Ca+2 5.913e-03 3053 ... )3 -2.228 -2.515 -0.2&7 
CaS04 2.3530..03 2.375e-)3 -2.628 -2.624 0004 

' CaHC03+ 5.048e-OS 4.263e-)5 -4.297 -4.370 -0.073 
CaC03 4.717e-06 4.760e-)6 -5.326 -5.322 0.004 
CaOH+ 1.586e-08 1.340e-)8 -7.800 -1.813 -0.073 

Cl 7.406e-03 
Cl- 7.405e-03 6.090e-03 -2.130 -2.215 -0.085 
MnCI+ 8.537e-07 7.149e-07 -6.069 -6.146 -0.077 
MnCI2 1.172e-09 1.183e-09 -8.93 1 -8.927 0.004 
MnCIJ- 3.877e- 12 3.247e-12 -11.4 11 - 11 .489 -0.077 
FeCI+2 9.660e- 19 4.750e-19 -18.015 -18.323 -0.308 
FeCI2+ 1.543e-20 1.292e-l0 -19.812 -19.889 -0.077 
FeCIJ 7.796c-24 7.869e-l4 -23.108 -23.104 0.004 

fe{2) 7.120e-06 
Fe+2 5.292e-06 2.691e-06 -5.276 -5.510 -0.294 
FeS04 1.811e-06 1.828e-06 -5.742 -5.738 0004 
FeOH+ 1.767e-08 IA80e-08 -7.753 -7 830 -0077 
fe{OH)2 2.169e-12 2.189.-12 -11.664 -11.660 0.004 
fe{OH)3· 1.689e-15 1.414e-15 -14.772 -14 849 -0077 
Fe{HS)2 O.OOOe+OO O.OOOe-<00 -80.694 -80690 0.004 
Fe{HS)3- O.OOOe+OO O.OOOe-<00 -120.609 -120688 -0.079 

Fe(3) 2.395e-09 
F'e(OH)2+ 1.986e-09 1.669e-09 -8.702 -8.777 -0.076 
F'e(OH)J 3.378e-l 0 3.410e-IO -9.471 -9.467 0.004 
Fe(OH)4- 7.055e- ll 5.928e-11 -10.152 -10.227 -0.076 
FeOH+2 5.896e- 13 2.900e-13 -12.229 -12.538 -0.308 
FeS04+ 9.798e-17 8.205e-17 -16.009 -16.086 -0.077 
Fe{$04)2- 1.189e-17 9.908e-18 -16.925 -17.004 -0.079 
Fe•3 9.793e-18 2.583e-18 -17.009 -17.588 -0.579 
FeCl.,.2 9.660e-19 4.750e-19 -18.015 -18.323 -0308 
FeCl2+ 1.543.-20 1.292.-20 -19.812 -19 889 -0.077 
F'e2(0H)2+4 4.183e-23 2.263e-24 -22.378 -23.645 -1.267 
FeCI3 7.796c-24 7869e-24 -23.108 -23.104 0.004 
Fe3(0H)4+5 7.527e-29 7.892e-31 -28.123 -30 103 0.979 

H(O) 4.341e-20 
H2 2.171e-20 2.191e-20 -19.663 -19.659 0.004 

Mg 7.707e-04 



I 1 
Mg+2 5.648e-04 2.972e-04 -3.248 -3.527 ..0.279 
Mg504 1.999e..Q4 2.0 18e..Q4 -3.699 -3.695 0.004 
MgHC03+ 5.675e-06 4.708e.(}6 -5.246 -5.327 ..0.081 
MgC03 3.083e..Q7 3. 11 2e-07 -6.511 -6.501 0.004 

I l MgOH+ I.OOie-08 8.486e-09 -8.000 -8.07 1 ..0.072 
Mn(2) 7.879e-05 

Mn+2 5.706e-05 2.902e-05 -4.244 -4.537 -0.294 
Mn504 1.998e-05 2.017e-05 -4.699 -4.695 0.004 
MnHC03+ 8.744e..Q7 7.287e-07 -6.058 -6. 137 ..0.079 
MnCI+ 8.537e-07 7.149e-07 -6.069 -6.146 ..0.077 
MnOH+ 1.549e-08 1.297e-08 -7.810 -7.887 -0.077 
MnCI2 1. 172e-09 1.183e-09 -8.93 1 -8.927 0.004 
MnC13- 3.877e-12 3.247e-12 -11.411 -11.489 ..0.077 
Mn(OH)3- 2.886e-1 8 2.417e-18 -17.540 -17.617 -0.077 
Mn(N03)2 O.OOOe+OO O.OOOe+OO -85.7 18 -85.714 0.004 

Mn(3) 3.537e-29 
Mn+3 3.537e-29 9.330e-30 -28.451 -29.030 -0.579 

Mn(6) O.OOOe+OO 
I > Mn04-2 O.OOOe+OO O.OOOe+OO -60.690 -60.998 -0.308 
l Mn(7) O.OOOe+OO 

Mn04- O.OOOe+OO .OOOe+OO -69.282 -{)9.368 -0.086 
r • N(-3) 6.066e..Q3 

NH4+ 5.744e-03 .691e-03 -2.241 -2.329 -0.088 
NH4504· 2.756e-04 .308e-04 -3.560 -3.637 -0.077 
NH3 4.608e-05 .651e-05 -4.336 -4.332 0.004 

N{3) 1.786e-29 
N02- 1.786e-29 .489e-29 -28.748 -28.827 -0.079 

N(5) O.OOOe+OO 
N03· O.OOOe+OO O.OOOe+OO -40.803 -40.888 ..0.086 
Mn(N03)2 O.OOOe+OO O.OOOe+OO -85.718 -85.714 0.004 

Na 6.843e-03 
Na+ 6.711e-03 5.607e..Q3 -2.173 -2.25 1 -0.078 
Na504· 1.277e-04 1.073e..Q4 -3.894 -3.969 -0.076 
NaHC03 4.2 13e-06 4.252e-06 -5.375 -5.37 1 0.004 
NaC03- 1.357e-07 1.140e-07 -6.867 -6.943 -0.076 

0(0) O.OOOe+OO 
02 O.OOOe+OO O.OOOe+OO -53.066 -53.062 0.004 

S(-2) O.OOOe+OO 
H5- O.OOOe+OO O.OOOe+OO -4 1.952 -42.035 -0.083 

l' 
H25 O.OOOe+OO O.OOOe+OO -42.338 -42.334 0.004 
55-2 O.OOOe+OO O.OOOe+OO -44.073 -44.389 -0.317 
54-2 O.OOOe+OO O.OOOe+OO -44.307 -44.623 -0.317 
56·2 O.OOOe+OO O.OOOe+OO -44.359 -44.675 -0.317 
5·2 O.OOOe+OO O.OOOe+OO -47.404 -47.712 -0.308 
53-2 O.OOOe+OO O.OOOe+OO -47.760 -48.076 ·0.317 
52-2 O.OOOe+OO O.OOOe+OO -49.006 -49.322 ·0.317 
Fe(H5)2 O.OOOe+OO O.OOOe+OO -80.694 ·80.690 0.004 
Fe(H5)3- O.OOOe+OO O.OOOe+OO -120.609 -120.688 -0.079 

5(6) 1.107e-02 777 mg/L as 504 

I I 504-2 8.088e-03 3.819e-03 ·2.092 -2.418 -0.326 
Ca504 2.353e-03 2.375e-03 -2.628 ·2.624 0.004 

I 
NH4504- 2.756e-04 2.308e-04 ·3.560 -3.637 -0.077 
Mg$04 1.999e-04 2.018e-04 ·3.699 ·3.695 0.004 
Na504· 1.277e-04 1.073e-04 -3.894 ·3.969 -0.076 
Mn504 1.998e-05 2.017e-05 -4.699 -4.695 0.004 
Fe504 1.811 e-06 1.828e-06 ·5.742 -5.738 0.004 



HS04- 2.555e-08 2.130e-08 -7.593 -7.672 -0.079 
FeS04+ 9.798e- 17 8.205e-17 -16.009 -16.086 -0.077 
Fe($04)2- 1.189e-17 9.908e-18 -16.925 -17.004 -0.079 

Saturation indices 

Phase SI lo~IAP logKT 
I l Anhydrite -0.30 -4.93 -4.64 CaS04 

Aragonite -0.14 -8.47 -8.34 CaC03 
Aninite -8.13 1.47 9.60 MgC03:Mg(OH)2:3H20 
Birnessite -17.15 26.45 43 .60 Mn02 
Bixbyite -14.01 36.40 50.40 Mn203 
Brucite -5.84 10.95 16.79 Mg(OH)2 
Calcite 0.00 -8.47 -8.47 CaC03 
CH4(g) -46.38 -86.48 -40.10 CH4 
C02(g) -2.28 -20.44 -18.16 C02 
Dolomite -0.96 -1 7.96 -17.00 CaMg(C03)2 
Epsomite -3.81 -5.95 -2. 14 MgS04:7H20 
Fe(OH)2.7CI0.3 4.34 14.33 9.99 Fe(OH)2.7CI0.3 
Fe2(S04)3 -46.01 -16.37 29.64 Fe2(S04)3 
Fe3(0H)8 -3.05 43.24 46.29 Fe3(0H)8 
Ferrihydrite -0.76 17.16 17.92 Fe(OH)3 
FeS(ppt) -36.45 -74.02 -37.57 Fe$ 
Goethite 3.63 17.17 13.53 FeOOH 
Greigite -1 34.89 -288.50 -153.61 Fe3S4 
Gypsum -0.09 -4.93 -4.85 Ca$04:2H20 
Halite -il.05 -4.47 1.58 NaCI 
Hausmannite -15.20 46.34 61.54 Mn304 

r , 
Hematite 12.27 34.33 22.06 Fe203 
Huntite -6.97 -36.93 -29.97 CaMg3(C03)4 
Hydromagnesite -18.23 -26.99 -8.77 Mg5(C03)4(0H)2:4H20 
Jarosite-H -9.30 17.70 27.00 (H30)Fe3(S04)2(0H)6 
Jarosite-Na -5.21 22.69 27.90 NaFe3(S04)2(0H)6 

L Lepidocrocite 2.76 17.17 14.40 FeOOH 
Lime -20.83 11.97 32.80 CaO 
Mackinawite -35.72 -74.02 -38.3 1 FeS 
Maghemite 1.88 34.33 32.45 Fe203 
Magnesite -1.46 -9.49 -8.03 MgC03 
Magnetite 13.44 43 .24 29.80 Fe304 
Manganite -7.07 18.20 25.27 MnOOH 
Melanterite -5.52 -7.99 -2.47 Fe$04:7H20 
Mg-Ferrite 2.45 45.28 42.83 MgFe204 
Mirabilite -5.81 -6.92 -1.11 Na2S04:10H20 
Mn2($04)3 ·59.60 - 14.30 45.30 Mn2(S04)3 
MnCl2:4H20 · 11.68 -8.97 2.71 MnCI2:4H20 
MnS(Green) ·43 .13 -72.99 -29.86 MnS 
Mn$04 -9.62 -6.96 2.67 Mn$04 
Natron -9. 15 -10.47 - 1.31 Na2C03: IOH20 
Nesquehonite -3.87 -9.49 -5.62 MgC03:3H20 
Nsutite - 16.56 26.45 43 .01 Mn02 
02(g) -50.10 33.02 83.12 02 
Periclase -10.56 10.95 21.51 MgO 
Ponlandite -10.7 1 11.97 22.68 Ca(OH)2 
Pyrite -54.65 -140.45 -85.80 FeS2 
Pyrocroite -5.14 9.94 15.09 Mn(OH)2 
Pyrolusite -14.92 26.45 41.37 Mn02 
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Rhodochrosite ·0.09 
Siderite ·0.98 
SULFUR ·30.66 
Thenardite -6.74 
Thermonatr ite · 10.59 

·10.50 ·10.41 MnC03 
·11.53 ·I 0.55 FeC03 
-66.43 ·35.77 s 
·6.92 -0.18 Na2S04 
· 10.46 0.12 Na2C03:H20 


